Cyclophosphamide following targeted oral busulfan as conditioning for hematopoietic cell transplantation: pharmacokinetics, liver toxicity, and mortality.
The pharmacokinetics of cyclophosphamide (CY) and its metabolites hydroxycyclophosphamide and carboxyethylphosphoramide mustard were determined in 75 patients receiving targeted oral busulfan followed by i.v. CY ((T)BU/CY) and in 147 patients receiving i.v. CY followed by total body irradiation (CY/TBI) in preparation for hematopoietic cell transplantation (HCT). In the (T)BU/CY patients only, the association of the pharmacokinetic data with liver toxicity, relapse, and survival was evaluated. CY was infused at 60 mg/kg/day over 1 or 2 hours on 2 consecutive days; the majority of patients had BU levels targeted to a steady state plasma concentration (Css) of 800-900 ng/mL. Systemic exposure (i.e., area under the concentration-time curve [AUC]) of CY, hydroxycyclophosphamide, and carboxyethylphosphoramide mustard was measured. Liver toxicity was assessed as the development of hepatic sinusoidal obstruction syndrome (SOS). CY metabolism was highly variable and age dependent. (T)BU/CY-treated patients had lower AUC(CY) (P < .0001), higher AUC(HCY) (P < .0001), and higher AUC(CEPM) (P = .15) than CY/TBI-conditioned patients. Among patients receiving (T)BU/CY, 17 (23%) developed SOS, and there were no statistically significant associations between the AUC of CY or its metabolites and SOS, nonrelapse mortality, relapse, or survival (all P >.15). In conclusion, CY exhibits conditioning-regimen dependent pharmacokinetics and pharmacodynamics, suggesting that lowering CY doses is unlikely to improve outcomes to (T)BU/CY. Alternative strategies, such as administering i.v. busulfan or CY before BU, should be explored.